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FUEL CELL ASSEMBLY FOR PORTABLE ELECTRONIC DEVICE 
AN© INTERFACE, CONTROL, AND REGULATOR CIRCUIT FOR FUEL CELL POWERED 

ELECTRONIC DEVICE 

RELATED APPLICATIONS 

[ oooi) This application claims priority to U.S. Provisional Patent Application No. 60/295,114 [Attorney 
Docket No. P-70547/RFT/VEJ], filed June 1, 2001 and entitledFtfe/ Cell Assembly for Portable Electronic 
Devices, the entire contents of which is incorporated herein by this reference. 

[ 0002] This application also claims priority to U.S. Provisional Patent Application No. 60/295,475 
[Attorney Docket No. P-70651/RFT/RMA], filed June 1, 2001 and entitled Interface, Control, and Regulator 
Circuit for Fuel Cell Powered Electronic Device, the entire content of which is incorporated herein by this 
reference. 

TECHNICAL FIELD 

[ 0003] This invention relates to a new and improved fuel ceil assembly for portable electronic devices and 
to an interface, control, and regulator circuit for fuel cell powered electronic devices. More particularly, the 
present invention is directed to a liquid feed direct methanol polymer electrolyte membrane fuel ceil 
assembly for portable electronic devices. This invention also relates to a new and improved interface, 
control, and regulator circuit for fuel cell powered electronic devices. 

BACKGROUND OF THE INVENTION 

[ 0004] Polymer electrolyte membranes are useful in electrochemical devices such as batteries and fuel cells 
because they function as electrolyte and separator. Such membranes may be readily fabricated as thin 
flexible films which can be incorporated into cells of variable shape. 

f ooos] Perfluorinated hydrocarbon sulfonate ionomers, such as NAFION® by DuPont or analogous Dow 
periluorinated polymers, are currently being used as polymer electrolytes for fuel cells. Such prior 
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membranes, however, have some severe limitations for use in both hydrogen/air fuel cells and liquid feed 
direct methanol fuel cells. 

[ 0006] An exemplar of a fuel cell which incorporates such a prior membrane is U.S. Patent No. 5,759,71 2 
to Hockaday which shows a surface replica fuel cell for a micro fuel cell electrical power pack. The 
disclosed micro fuel cell electrical power pack is configured to power a cellular phone. An evaporative 
manifold is provided for wicking out fuel from a fuel tank bottle. 

[ 0007) What is needed, among other things, is a fuel cell assembly having a removable fuel cartridge 
capable of rnamtaining a positive pressure to facilitate flow of fuel from the cartridge to the fuel cell 
assembly. 

[ 0008] Furthermore, fuel cell systems for powering electronic devices have not heretofore achieved any 
measure of commercial success, at least in part because of the difficulties associated with (i) providing a fuel 
cell in a physical package that would be adopted by device manufactures, particularly for mobile telephone 
applications, and (ii) achieving and regulating required power (voltage and current) levels with acceptable 
rehabiiity, consistency, and safety. 

1 0009] These limitations have been particularly problematic where the power requirements of the electronic 
device tend to vary at different phases of operation. For example, in a mobile cellular phone, the power 
requirements are quite modest for standby operation while waiting to receive a call, increase when receiving 
the call, and then raise tremendously while in a transmit mode. These and other circumstances require or 
benefit from a interface and control circuit that permits connection of a fuel cell based power supply to 
electronic devices and advantageously connection and interchangeable use or retrofit of fuel cell based power 
supplies or systems to existing electronic devices. 

1 0010] What is needed, among other things, is an interface circuit adapted to control and regulate power 
draw and charge/discharge from both the fuel cell and the battery to maintain operation within predefined 
voltage, current, and power ranges and to maintain safety when either or both flammable fluids associated 
with operation of the fuel cell and explosive materials associated with the operation of Lithium-Ion batteries 
are present. 

SUMMARY OF THE INVENTION 

[ ooii] In summary, one aspect of the present invention is directed to a removable fuel cartridge for a direct 
methanol fuel cell assembly including an expandable fuel bladder for receiving liquid methanol fuel, an 
expandable pressure member in contact with the bladder for maintaining a positive pressure on the bladder, 
and a sealable exit port in fluid communication with the bladder. 
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[ 00121 Another aspect of the present invention is directed to a direct methanol fuel cell assembly for a 
portable electronic device including a membrane electrode assembly, a removable fuel cartridge, and a fuel 
delivery system. The membrane electrode assembly includes an anode, a cathode, and a polymer electrolyte 
membrane having a fuel side and an oxygen side. The removable fuel cartridge includes an expandable fuel 
bladder for receiving liquid fuel, an expandable pressure member in contact with the bladder for maintaining 
a positive pressure on the bladder, and a sealable exit port in fluid communication with the bladder. The fuel 
delivery system delivers fuel from the cartridge to the fuel side of the membrane. The circuit engages the 
port for fluidly connecting the bladder to the fuel side of the membrane. 

[ 0013J Another aspect of the present invention is directed to a direct methanol fuel cell assembly for a 
portable electronic device including a membrane electrode assembly, an anode plate, a removable fuel 
cartridge, and a cathode plate. The membrane electrode assembly includes an anode, a cathode, and a 
polymer electrolyte membrane having a fuel side and an oxygen side. The anode plate includes a fuel 
chamber fluidly connected to the fuel side of the membrane The removable fuel cartridge fluidly connects to 
the fuel chamber. The cathode plate includes an oxygen port extending therethrough for providing air to the 
oxygen side of the membrane. 

[ 0014J Yet another aspect of the present invention is directed to a power pack specifically adapted to 
replace a battery for a cellular phone having a cellular phone body. The power pack includes a fuel cell 
assembly, a removable fuel cartridge, and a housing adapted to removably engage the cellular phone body. 
The removable fuel cartridge provides fuel to the fuel cell assembly and includes an expandable fuel bladder 
for receiving liquid fuel, an expandable pressure member in contact with the bladder for maintaining a 
positive pressure on the bladder, and a sealable exit port in fluid communication with the bladder. The 
housing encloses the fuel cell assembly and the fuel cartridge. 

1 0015J An object of the present invention is to provide a compact fuel cell assembly for mobile telephones 
and other portable electronic devices. 

[ 00161 Another object of the present invention is to provide a fuel cell assembly for portable electronic 
devices which can be quickly refueled thus alleviating the need of lengthy periods of time required to 
recharge batteries. 

[ 00171 Yet another object of the present invention is to provide a fuel cell assembly which can be quickly 
and conveniently refueled with replaceable fuel cartridges which maintain a positive pressure of fuel. 
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[ 0018] Still another aspect of the present invention is directed to an interface circuit adapted to control and 
regulate power drawn and charge/discharge from a fuel cell and maintain safe operation within predefined 
voltage, current, and power ranges. 

1 0019] Yet another aspect of the present invention is directed to a method for controlling operation of a 
voltage boost converter circuit coupled to a fuel cell and other energy storage device such as a battery and/or 
storage capacitors. 

f 0020] Still another aspect of the present invention is directed to a computer program and computer 
program product for controlling a microprocessor. 

1 0021] Even still another aspect of the present invention is directed to a method and system for boosting a 
fuel cell voltage up to cellular phone voltage and managing the process of boosting the voltage in a safe and 
efficient manner. 

( 0022] Yet another aspect of the present invention is to provide an interface and control circuit for safe 
efficient operation of a fuel cell powered electronic device such as a mobile telephone, portable computer, 
PDA, or other portable electronic device. 

[ 0023] The accompanying drawings, which are incorporated in and form a part of this specification, 
illustrate embodiments of the invention and, together with the description, serve to explain the principles of 
the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

( 0024] Figure 1 is a perspective view schematically showing a fuel cell assembly in combination with a 
portable electronic device in accordance with the present invention. 

[ 0025] Figure 2 is an exploded front perspective view of the fuel cell assembly shown in Figure 1 with the 
portable electronic device removed. 

[ 0026] Figure 3 is an exploded rear perspective view of the fuel cell assembly shown in Figure 2. 

[ 0027] Figure 4 is a schematic view of a membrane electrode assembly of the fuel cell assembly shown in 
Figure 1. 

1 0028J Figure 5 is an enlarged schematic cross sectional view of the membrane electrode assembly of 
Figure 4 shown without electrodes. 
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[002^1 Figure 6 is a perspective view of an anode plate shown in Figures 2 and 3. 

[ 00301 Figure 7 is a perspective view of the removable fuel cartridge shown in Figures 2 and 3 
schematically showing an expandable fuel bladder and an expandable pressure member. 

[ 0031] Figure 8 is an exploded side perspective view of an alternative fuel cell assembly with the portable 
electronic device removed, similar to that shown in Figure 1 . 

( 0032) Figure 9(a) is an enlarged plan view of a cathode plate of the fuel cell assembly of Figure 8. 

[ 0033J Figure 9(b) is an enlarged cross-sectional view of the cathode pate of Figure 9 taken along line 9-9 
in Figure 9(a). 

1 0034J Figure 10 is an exploded front perspective view of a removable fuel cartridge of the fuel cell 
assembly shown in Figure 8. 

[ 0035] Figure 1 1 is an exploded front perspective view of a modified removable fuel cartridge, similar to 
that shown in Figure 10, for the fuel cell assembly shown in Figure 8. 

[ 0036] Figure 12(a) is an enlarged, exploded perspective view of a two-way valve assembly for the fuel cell 
assembly of Figure 8. 

[ 0037] Figure 12(b) is an enlarged perspective view of the two-way valve assembly of Figure 12(a). 

( 0038] Figure 1 3 is a schematic circuit diagram showing an alternative embodiment of an interface and 
control circuit for use in combination with a fuel cell, a battery, and an electronic device powered by one or 
both of the fuel cell and battery in accordance with the present invention. 

1 0039] Figure 14 is a diagrammatic flow-chart illustration showing an embodiment of a procedure for 
controlling aspects of operation of the interface and control circuit of Figure 13. 

1 0040] Figure 15 is a diagrammatic illustration showing an exemplary power curve for a fuel cell. 

( 0041] Figure 16is a diagrammatic flow-chart illustration showing an embodiment of an initialization 
procedure in accordance with the present invention. 
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1 0042] Figure 17 is a diagrammatic flow-chart illustration showing an embodiment of TIC ISR procedure in 
accordance with the present invention. 

[ 0043] Figure 18 is a diagrammatic flow-chart illustration showing an embodiment of a TO Overflow ISR 
procedure in accordance with the present invention. 

[ 0044] Figure 19 is a diagrammatic flow-chart illustration showing an embodiment of Compare ISR 
procedure in accordance with the present invention. 

[ 0045] Figure 20 is a diagrammatic flow-chart illustration showing an embodiment of a Flash procedure in 
accordance with the present invention. 

[ 0046] Figure 21 is a diagrammatic flow-chart illustration showing an embodiment of a Load Test 
procedure in accordance with the present invention. 

f 0047] Figure 22 is a diagrammatic flow-chart illustration showing an embodiment of a ADC procedure in 
accordance with the present invention. 

[ 0048] Figure 23 is a diagrammatic flow-chart illustration showing an embodiment of a Wait procedure in 
accordance with the present invention. 

[ 0049] Figure 24 is an illustration showing exemplary code for use with an embodiment of the invention 
utilizing a microprocessor to accomplish a portion of the control in accordance with the invention. 

[ 0050] Figure 25 is an illustration showing exemplary state diagram for operation of the inventive circuit in 
accordance with one embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[ 0051] Reference will now be made in detail to the preferred embodiments of the invention, examples of 
which are illustrated in the accompanying drawings. While the invention will be described in conjunction 
with the preferred embodiments, it will be understood that they are not intended to limit the invention to 
those embodiments. On the contrary, the invention is intended to cover alternatives, modifications and 
equivalents, which may be included within the spirit and scope of the invention as defined by the appended 
claims. 

[ 0052] An acidic polymer contains acidic subunits which preferably comprise acidic groups including 
sulphonic acid, phosphoric acid and carboxylic acid groups. Examples of polymers containing sulfonic acid 
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group include perfluorinated sulfonated hydrocarbons, such as NAFION®; sulfonated aromatic polymers 
such as sulfonated polyetheretherketone (sPEEK), sulfonated polyethercthersulfone (sPEES), sulfonated 
polybenzobisbenzazoles, sulfonated polybenzothiazoles, sulfonated polybenzimidazoles, sulfonated 
polyamides, sulfonated polyetherimides, sulfonated polyphenyleneoxide, sulfonated polyphenylenesulfide, 
and other sulfonated aromatic polymers. The sulfonated aromatic polymers may be partially or fully 
fluorinated. Other sulfonated polymers include polyviny sulfonic acid, sulfonated polystyrene, copolymers of 
acrylonitrile and 2-aciylamido-2-methyl-l propane sulfonic acid, acrylonitrile and vinylsulfonic cid, 
acrylonitrile and styrene sulfonic acid, acrylonitrile and methacryloxyethyleneoxypropane sulfonic acid, 
acrylonitrile and methaciylo^ethyleaeoxytetrafluorc)emylenesulfoiuc acid, and so on. The polymers may be 
partially or fully fluorinated. Any class of sulfonated polymer include sulfonated polyphosphazenes, such as 
poly(smfophenoxy)phosphazenes or pory(sulf 6ethoxy)phosphazene. The phosplazene polymers may be 
partially or fully fluorinated. Sulfonated polypheny Isiloxanes and copolymers, 

pory(smfoalkoxy)phosphazenes, poly(sulfotetrafluoroetho^propo5^) siloxane. In addition, copolymers of 
any of the polymers can be used It is preferred that the sPEEK be sulfonated between 60 and 200%, more 
preferably between 70 to 150% and most preferably between 80 to 120%. In this regard, 100% sulfonated 
indicates one sulfonic acid group per polymer repeating unit 

[ 0053} Examples of polymers with carboxylic acid groups include poly acrylic acid, porymethacrylic acid, 
any of their copolymers including copolymers with virrylimidazole or acrylonitrile, and so on. Hie polymers 
may be partially or fully fluorinated. 

[ 00541 Examples of acidic polymers containing phosphoric acid groups include polyvinylphosphoric acid, 
polybenzimidazole phosphoric acid and so on. The polymers may be partially or fully fluorinated. 

[ 0055] A basic polymer contains basic subunits which preferably comprise basic groups such as aromatic 
amines, aliphatic amines or heterocyclic nitrogen containing groups. Examples of basic polymers include 
aromatic polymers such as pofyberizirnidazole, poryvinylirnidazole, N-alkyl or N-arylpolyberizirnid azoles, 
polybenzothiazoles, polybenzoxazoles, polyquinolines, and in general polymers containing functional groups 
with heteroaromatic nitrogens, such as oxazoles, isooxazoles, carbazole, indoles, isoindole, 1,2,3-oxadiazole, 
1,2,3-thiadiazole, 1,2,4-thiadiazole, 1,2,3-triazole, benzotriazole, 1,2,4-traozole, tetrazole, pyrrole, N-alkyi or 
N-aryl pyrrole, pyrrolidine, N-alkyl and N-arylpyrrolidine, pyridine, pyrrazole groups and so oil These 
polymers may be optionally partially or fully fluorinated. Examples of aliphatic poly amines include 
p oly ethy leneimines, polyvinyrpyridine, poly(allylarnine), and so on. These basic polymers may be optionally 
partially or fully fluorinated. Polybenzimidazole (PBI) is a preferred basic polymer. Polyvmylimidazole 
(PVI) is a particularly preferred basic polymer. 

[ 00561 An elastomeric polymer comprises elastomeric subunits ^iiich preferably contain elastomeric 
groups such as nitrile, vinylidene fluoride, siloxane and phosphazene groups. Examples of elastomeric 
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polymers include pofyacrylonitrile, acrylonitrile copolymers, polyvinyilidene fluoride, vinylidene fluoride 
copolymers, polysiloxanes, siloxane copolymers and polyphosphazenes, such as 
poly(trifluonne11iyletlioxy)phosphazene. 

1 0057J The elastomeric polymer may be added to the polymer membrane in the form of potymerizable 
monomer to fabricate semi-interpenetrating networks. Hie monomers may be polymerized photochemically 
or by thermal treatment for the semi-IPN. 

[ 0058] An elastomeric copolymer may refer to an elastomeric polymer which contains elastomeric subunits 
and one or more acidic subunits or basic subunits. For example, if an acidic polymer such as sPEEK is used, 
an elastomeric copolymer comprising elastomeric subunits and basic subunits may be used in a binary 
composition. Alternatively, should a basic polymer be used, the elastomeric copolymer will comprise 
elastomeric subunits and acid subunits. Such binary mixtures may be used in conjunction with other 
polymers and copolymers to form additional compositions. 

[ 00591 As used herein, an membrane electrode assembly (MEA) refers to a polymer membrane (PEM) 
made according to the present invention in combination with anode and cathode catalysts positioned on 
opposite sides of the polymer electrolyte membrane. It may also include anode and cathode electrodes which 
are in electrical contact with the catalysts layers. 

[ 0060] A fuel cell assembly 3 1 for a portable electronic device 32 in accordance with the present invention 
is shown in Figure 1. In the illustrated embodiment, the fuel cell assembly is a direct methanol fuel cell 
assembly and the portable electronic device is a mobile telephone. Methanol is a convenient liquid source of 
fuel which is easy to handle and is readily contained in a simple plastic enclosure. Methanol is also relatively 
inexpensive and is presently widely available. One should appreciate that other types of fuel can be used. 

1 0061) Fuel cell assembly 3 1, as illustrated, is adapted for use with a mobile telephone such as a cellular 
phone. For example, fuel cell assembly 3 1 can be configured to provide a continuous source of power for a 
mobile telephone which typically having a power consumption ranging between 360 mA at 3.3 V (1.2 W), 
when located nearest to a respective transmitter, and 600 mA at 3.3 V (1.98 W) when located furthest from a 
respective transmitter. One should appreciate, however, that a fuel cell assembly in accordance with the 
present invention can be configured to provide a continuous source of power for other portable electronic 
devices having various power consumption ranges and still fall within the scope of the present invention. For 
example, a fuel cell assembly in accordance with the present invention can be used to power personal digital 
assistants (PDA's), notebooks and laptop computers, portable compact disc players, and otherportable 
electronic devices. 
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1 00621 As shown in Figures 2 and 3, fuel cell assembly 31 generally includes a membrane electrode 
assembly 33, an anode plate 37, a cathode plate 38, a removable fuel cartridge 39, a fuel delivery system 40, 
and a voltage regulator 41. Fuel cell assembly 31 is assembled using various fasteners and/or snap-fit 
components and/or pressure sensitive adhesives. For example, threaded fasteners 42 extend through cathode 
plate 38, extend through assembly apertures 43, 44 and 45 located in a cathode electrode 48, membrane 
electrode assembly 33 and an anode electrode 49, respectively, and extend into assembly apertures 50 
located on anode plate 37 and cooperate with nuts 5 1 , as viewed from left to right in Figure 2. Pressure 
sensitive adhesives applied to abutting surfaces of the above components can supplement or take the place of 
the threaded fasteners 42. One should appreciate, however, that other methods of assembly can be used 

[ 0063] The electrodes are in electrical contact with a polymer electrolyte membrane 53, either directly or 
indirectly, and are capable of completing an electrical circuit which includes polymer electrolyte membrane 
' 53 and a load of portable electronic device 32 to which a electric current is supplied. Morcparticularly, a 
first catalyst 54 is electro-catarytically associated with the anode side of polymer electrolyte membrane 53 so 
as to facilitate the oxidation of an inorganic fuel such as methanol as schematically shown in Figure 4. Such 
oxidation generally results in the formation of protons, electrons, carbon dioxide and water. Since polymer 
electrolyte membrane 53 is substantially impermeable to organic fuels such as methanol, as well as carbon 
dioxide, such components remain on the anodic side of polymer electrolyte membrane 53. Electrons formed 
from the electro-catalytic reaction are transmitted from cathode electrode 48 to the load and then to anode 
electrode 49. Balancing this direct electron current is the transfer of protons or some other appropriate 
cationic species, Le., an equivalent number of protons, across the polymer electrolyte membrane to the 
anodic compartment There an electro-catalytic reduction of oxygen in the presence of the transmitted 
protons occurs to form water. 

[ 0064] Membrane electrode assembly 33 is generally used to divide fuel cell assembly 3 1 into anodic and 
cathodic compartments. In such fuel cell systems, an organic fuel such as methanol is added to the anodic 
compartment while an oxidant such as oxygen or ambient air is allowed to enter the cathodic compartment. 
Depending upon the particular use of a fuel cell assembly, a number of individual fuel cells can be combined 
to achieve appropriate voltage and power output. Such applications include electrical power sources for 
portable electronic devices such as cell phones and other tdecommunication devices, video and audio 
consumer electronics equipment, computer laptops, computer notebooks, personal digital assistants and other 
computing devices, geographic positioning systems (GPS's) and the like. 

[ 0065] Membrane electrode assembly 33 includes a plurality of membrane electrode assembly cells, each 
cell generally including one anode electrode 49, one cathode electrode 50, and one polymer electrolyte 
membrane 53. Each polymer electrolyte membrane is a continuous sheet with catalytic layers. The polymer 
electrolyte membrane forms an electrolyte between the catalytic layers and is sandwiched together with the 
catalytic layers between the anode and cathode electrodes. Polymer electrolyte membrane 53 has a fuel side 
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and an oxygen side located adjacent anode electrode 49 and cathode electrode 48, respectively, as 
schematically shown in Figure 4. Membrane electrode assembly 33 further includes first catalyst 54 and a 
second catalyst 59 positioned respectively on the fuel side and the oxygen side of polymer electrolyte 
membrane 53 . The catalyst on the anodic side of the polymer electrolyte membrane is preferably a platinum 
ruthenium catalyst while the catalyst on the cathode side is preferably a platinum catalyst 

( 0066) Anode electrode 49 is in electrical communication with first catalyst 54 and cathode electrode 48 is 
in electrical communication with second catalyst 59. In one embodiment, the electrodes are formed of gold 
plated stainless steel The electrodes of each membrane electrode assembly cell are dimensioned and 
configured to provide electrical contact between the electrode and a respective catalyst layer of the 
membrane electrode assembly cell Preferably, each electrode includes a copper tab. 

( 0067] Figure 5 is a cross section of membrane electrode assembly 33, without electrodes. The membrane 
electrode assembly includes the polymer electrolyte membrane, the first and second catalyst layers and 
generally at least one water and gas permeable layer on the cathodic side to provide for the transport of air to 
and water from the cathode catalyst layer. Generally a carbon paper or carbon cloth is used for such 
purposes. In addition, a carbon backing is preferably provided on the anode catalyst layer to protect the 
catalyst layer from damage from the electrodes. Since the backings generally contain conductive material 
such as carbon, the electrodes can be placed directly on the backing to complete the membrane electrode 
assembly. 

[ 0068] Various membranes can be utilized in accordance with the present invention For example, a 
perfluorinated hydrocarbon sulfonate ionomer, such as NAFION* can be used to form the polymer 
electrolyte membrane in accordance with the present invention. One should appreciate that other membranes 
can be used. 

[ 0069] In one embodiment, a polymer electrolyte membrane includes first, second and optionally third 
polymers wherein the first polymer is an acidic polymer including acidic subunits, the second polymer is a 
basic polymer including basic subunits, and wherein (i) the optional third polymer is an elastomeric polymer 
including blastomeric subunits, or (ii) at least one of the first or second polymers is an elastomeric copolymer 
further including an elastomeric subunit. Such a polymer electrolyte membrane and a polymer composition 
therefore are described, as are a membrane electrode assembly, a fuel cell, and an electrochemical device 
utilizing such a membrane, in copending U.S. Patent Application No. 09/872,770, filed June 1, 2001 and 
entitled POLYMER COMPOSITION, and the corresponding international application, International 
Publication No. WO 01/94450 A2, published December 13, 2001 and also entitled POLYMER 
COMPOSITION, the entire contents of which applications are incorporated herein by this reference. 
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[ 0070J With reference to Figure 2, anode plate 37 includes an internal recess which forms a fuel chamber 
60 fluidly connected to the fuel side of polymer electrolyte membrane 53. Anode plate 37 includes a 
plurality of posts 61 extending through fuel chamber 60 toward anode electrode 49 for biasing anode 
electrode 49 into electrical contact with polymer electrolyte membrane 53. Anode plate 37 includes a 
plurality of exhaust ports 64, shown in Figure 6. Exhaust ports extend through side walls 65 thus providing 
an exhaust port which allows carbon dioxide formed within fuel chamber 60 to flow from the fuel chamber. 

[ 0071) Cathode plate 38 forms an enclosure or shell 66 having a recess 70 which receives membrane 
electrode assembly 33, anode plate 37, and removable fuel cartridge 39. Enclosure 66 also includes 
engagement structure for selectively engaging a mobile telephone or other portable electronic device. The 
illustrated enclosure includes an engagement track 71 extending along each side wall 72 of the enclosure for 
slidably engaging portable electronic device 32. Enclosure 66 also includes an engagement tab 75 for 
selectively latching fuel cell assembly 31 to portable electronic device 32. Contacts for transferring electrical 
power to the mobile phone are also provided (not shown). 

[ 0072] The enclosure is injection molded, however, one should appreciate that other methods of forming 
the enclosure can be utilized. For example, the enclosure can be machined and the like. 

[ 0073] In the embodiment shown in Figure 1 , enclosure 66 includes a plurality of air grooves 76 engineered 
into an outer surface 77 of enclosure 66 which would normally be in contact with the hand of a mobile 
telephone user. Intake ports 82 are located in one or more grooves 76 for supplying oxygen to the cathodic 
chamber. In particular, oxygen intake ports 82 extend from a base of one or more grooves 76 to the oxygen 
side of polymer electrolyte membrane 53. Such a configuration minimizes the impedance of gas flow 
through the exhaust ports and the intake ports by the palm of a user's hand 

( 0074] Removable fuel cartridge 3 9 generally includes an expandable fuel bladder 86, an expandable 
pressure member 87, and a sealable exit port 88, as shown schematically in Figure 7. Removable fuel 
cartridge 39 includes a rigid canister 92 enclosing expandable fuel bladder 86 and the expandable pressure 
member. The fuel cartridge is dimensioned and configured such that the fuel bladder is capable of holding at 
least approximately 5 cubic centimeters of methanol, preferably at least approximately 7 cubic centimeters of 
methanol, and most preferably at least approximately 10 cubic centimeters. In the illustrated embodiment, a 
pair of spring clips 93 is provided to engage canister 92 with enclosure 66 and hold the canister in place until 
a user removes canister 92 from the enclosure to refuel fuel cell assembly 3 1 . 

[ 0075] Expandable fuel bladder 86 receives liquid fuel which is to be supplied to membrane electrode 
assembly 33. Expandable fuel bladder 86 is formed of a sheet plastic material which is substantially 
impervious to methanol. Examples of suitable sheet plastic material include nylon, urethane and 
polyethylene, however, one should appreciate that other materials can be used. 
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[ 0076] Expandable pressure member 87 contacts fuel bladder 86 in such a manner that a positive pressure 
is maintained on and within the bladder. Sealable exit port 88 fluidly communicates with fuel bladder 86. In 
the illustrated embodiment, expandable pressure member 87 is a compressed foam member, preferably 
formed of open cell foam. The compressed foam member is elastic and acts a spring member biased against 
fuel bladder 86 thus mamtaining a positive pressure on the bladder. Other pressure members can be utilized 
in accordance with the present invention. For example, a spring biased member can exert a force against fuel 
bladder 86 in order to maintain a positive pressure on the bladder. 

[ 0077] In the illustrated embodiment, sealable exit port 88 of the replaceable fuel cartridge 39 includes a 
septum 94, as shown in Figure 7. Septum 94 includes a substantially self-sealing membrane. Referring to 
Figure 3, fuel delivery system 40 includes a needle 97 which extends into exit port 88, and through septum 
94 for fluidly connecting fuel bladder 86 to the fuel side of polymer electrolyte membrane 53. Sealable exit 
port 88 is dimensioned and configured to cooperate with needle 97 In one embodiment, the sealable exit port 
includes an INTERLINK® fluid connection adaptor which is manufactured by Baxter International Inc. of 
Deerfield, Illinois. In particular, fuel delivery system 40 includes needle 97 which is insertable into septum 
94. One should appreciate that other types of fluid connectors can be utilized in accordance with the present 
invention. 

[ 0078] Enclosure 66 is also provided with a release latch 98 for disengaging removable fuel cartridge 39 
from fuel delivery system 40. Release latch 98 is slidabry disposed on one side of enclosure 66 and engages 
septum 94 of removable fuel cartridge 39. Sliding release latch 98 downward, as viewed in Figure 2, will 
push against exit port 88 and thus push removable fuel cartridge 39 at least partially outward past a bottom 
wall 103 of enclosure 66 and thus at least partially disengage removable fuel cartridge 39 from fuel delivery 
system 40. 

[ 0079] Fuel delivery system 40 fluidly connects fuel bladder 86 of replaceable fuel cartridge 39 to fuel 
chamber 60 of anode plate 37. Fuel delivery system 40 includes needle 97, a needle block 105, a one-way 
duck-bill valve 108, a manifold block 109, and a manifold 1 10 connected in series to interconnect fuel 
bladder 86 and fuel chamber 60. Needle block 105 supports needle 97 and positions the needle for piercing 
exit port 88 of removable fuel cartridge 39 as the fuel cartridge is inserted into fuel cell assembly 31. Needle 
block 105 fluidly interconnects needle 97 and one-way duck-bill valve 108. Preferably needle block 105 
includes a barb fitting for engaging one end of duck-bill valve 108. 

[ 0080] One-way duck-bill valve 108 is provided for preventing fuel from flowing through fluid delivery 
system 40 away from fuel chamber 60 and the fuel side of polymer electrolyte membrane 53. One-way duck- 
bill valve 108 is engageable with a protrusion 1 15 on canister 92 of removable fuel cartridge 39 such that 
valve 108 is closed when fuel cartridge 39 is removed from fuel cell assembly 31 and such that valve 108 is 
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opened when the fuel cartridge is inserted into the fuel cell assembly. One should appreciate that other one- 
way valves can be utilized in accordance with the present invention. When fuel cartridge 39 is inserted into 
fuel cell assembly 3 1 , one-way valve 108 remains open allowing fuel to flow from the cartridge to fuel 
chamber 60 thus allowing mass transport to occurs within the fuel chamber. Fuel flow from fuel cartridge 39 
toward fuel chamber 60 is facilitated by the positive pressure maintained on the fuel bladder 86. 

[ oosi) Manifold block 109 fluidly interconnects one-way duck-bill valve 108 and manifold 1 10. 
Preferably manifold block 109 includes a barb fitting for engaging the other end of duck-bill valve 1 08. 
Manifold 1 10 fluidly communicates with a plurality of fuel intake ports 1 1 9 located in and extending through 
a base wall 120 of anode plate 37 as illustrated in Figure 6. Although fuel intake ports 1 19 are shown to 
extend through base wall 120 of anode plate 37, one should appreciate that fuel intake ports can be provided 
elsewhere on the anode plate. 

( 0082] Voltage and current regulator 41, shown in Figures 1 and 2, includes a circuit and a storage battery 
for monitoring and/or regulating voltage and/or power supplied to portable electronic device 33. Regulator 
41 is described in copending U.S. Provisional Application for Patent No. 60/295,475, filed June 1, 2001, 
entitled INTERFACE, CONTROL, AND REGULATOR CIRCUIT FOR FUEL CELL POWERED 
ELECTRONIC DEVICE, filed June 1, 2001, a copy of which is attached as Appendix A and incorporated 
herein by this reference. 

[ 0083] In operation and use, a user will insert a removable fuel cartridge 39 into fuel cell assembly 3 1 such 
that needle 87 pierces septum 94 thus allowing fuel to flow from fuel bladder 86 to polymer electrolyte 
membrane 53 of membrane electrode assembly 33. Once fuel is substantially depleted from fuel cartridge 
39, the user slides release latch 98 downward and disengages the fuel cartridge from fuel cell assembly 31. 
The user then replaces the depleted fuel cartridge with a fresh, that is, a fuel cartridge fully charged with fuel 
and inserts the fresh cartridge in the same manner described above. 

[ 0084) In another embodiment of the present invention shown in Figure 8, fuel cell assembly 31a is similar 
to fuel cell assembly 3 1 described above but includes several modifications as discussed below. Like 
reference numerals have been used to describe like components of fuel cell assembly 3 1 and fuel cell 
assembly 31a. 

[ 0085] As shown in Figure 8, fuel cell assembly 3 la generally includes a membrane electrode assembly 
33a, an anode plate 37a, a cathode plate 38a, a removable fuel cartridge 39a, a fuel delivery system 40a and 
a voltage regulator 41a. Fuel cell assembly 3 la is assembled using threaded fasteners 42a which extend 
through cathode plate 38a, cathode electrode 48a, membrane electrode assembly 33a, anode electrode 49a, 
and anode plate 37a and cooperate with nuts 51a, in the same manner as discussed above with reference to 
the embodiment shown in Figure 2. 
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[ 0086] The electrodes are in electrical contact with a polymer electrolyte membrane 53a, either directly or 
indirectly, and are capable of completing an electrical circuit which includes polymer electrolyte membrane 
53a and a load of the portable electronic device to which a electric current is supplied in the same manner as 
discussed above. Membrane electrode assembly 33a is generally used to divide fuel cell assembly 3 la into 
anodic and cathodic compartments. 

( 0087] In this embodiment, cathode plate 38a is formed of anodized duminum. One should appreciate, 
however, that other materials can also be used in accordance with the present invention. For example, the 
cathode plate can be formed of polycarbonate or other suitable materials. As aluminum is an electrical 
conductor, cathode plate 38a is anodized to provide a layer of electrical insulation. One should appreciate 
that other forms of insulation may be used instead of, or in addition to, anodizing the cathode plate 

1 0088] Preferably, an insulation layer 122 is also provided between cathode plate 38a and cathode 
electrode 48a in order to further protect the aluminum cathode plate from shorting individual cells within the 
fuel cell assembly which would reduce performance significantly. For example, in the event that the 
anodizing of the cathode plate is scratched the insulation layer would protect the cathode pate from shorting 
one or more cells. In the illustrated embodiment, insulation layer 122 is formed of vinyl, however, one 
should appreciate that other electrically insulating materials can be used in accordance with the present 
invention. 

[ 0089] With reference to Figure 8, anode plate 37a includes an internal recess which forms a fuel chamber 
fluidly connected to the fuel side of polymer electrotyte membrane 53 a. Anode plate 37a includes a plurality 
of posts 61a extending through the fuel chamber toward anode electrode 49a, in the same manner as anode 
plate 37 described above, for biasing anode electrode 49a into electrical contact with polymer electrolyte 
membrane 53a. 

[ 0090] Cathode plate 38a in combination with enclosure or shell 66a defines a recess which receives 
membrane electrode assembly 33a, anode plate 37a, and removable fuel cartridge 39a. Enclosure 66a also 
includes engagement structure for selectively engaging a mobile telephone or other portable electronic 
device. Preferably, the enclosure is formed of anodized aluminum or other suitable material similar to that of 
the cathode plate. The illustrated enclosure includes an engagement track 71a extending along each side wall 
of the enclosure 66a for slidably engaging a portable electronic device 

1 0091] As shown in Figure 9(b), cathode plate 38a has a convex shape and plurality of laterally extending 
air grooves 76a engineered into the outer convex surface 77a of cathode plate 38a. In the event that fuel cell 
assembly 3 la is used in combination with a mobile telephone, outer surface 77a would normally be in 
contact with the hand of a mobile telephone user during use Air grooves 76a are formed between a plurality 
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of wide or tall laterally -extending webs 124. Intake ports 82a are located in one or more grooves 76a for 
supplying oxygen to the cathodic chamber. Tall webs 124 intersect with a plurality of narrow or short 
longitudinally-extending webs 125 thereby forming the oxygen intake ports 82a. Intake ports 82a extend to 
the oxygen side of polymer electrolyte membrane 53a Such a configuration minimizes the impedance of gas 
flow through the exhaust ports and the intake ports by the palm of a user's hand. 

[ 0092J The curved configuration of cathode plate 38a further allows side-venting when cathode plate 38a, 
and any portable electronic device connected thereto such as a mobile telephone, even when the assembly is 
placed on a flat surface such as a table or a seat In the embodiment illustrated in Figure 9(b), cathode plate 
38a has a convex profile, however, one should appreciate that a convex profile and other curved profiles can 
also be used in accordance with the present invention. 

[ 0093] Removable fuel cartridge 39a generally includes an expandable fuel bladder 86a, a pair of 
expandable pressure members 87a, and a sealable exit port 88a, as shown in Figure 10. Removable fuel 
cartridge 39a includes a rigid canister 92a formed of anodized aluminum or other suitable material including, 
but not limited to polycarbonate or stamped sheet metal. Canister 92a encloses expandable fuel bladder 86a 
and the expandable pressure members 87a. 

( 0094] Expandable fuel bladder 86a receives and stores liquid fuel which is to be supplied to membrane 
electrode assembly 33a. Expandable fuel bladder 86a is plastic material which is substantially impervious to 
methanol and is vacuum-formed to conform to the interior shape of canister 92a. The vacuumed-formed 
configuration of fuel bladder 86a significantly increases fluid storage within canister 92a. Sealable exit port 
88a fluidly communicates with fuel bladder 86a. 

[ 0095] Expandable pressure members 87a contact fuel bladder 86a in such a manner that a positive 
pressure is maintained on and within the bladder. In the illustrated embodiment, each expandable pressure 
member 87a is a compliant foam member having good volume efficiency, including, but not limited to, the 
type used in acoustical barriers and sold by E-A-R Specialty Composites of Indianapolis, Indiana. The 
compressed foam members are elastic and act as spring members biased against fuel bladder 86a thus 
maintaining a positive pressure on the bladder. Preferably the pressure members are cut from sheet material 
in the shape of the interior of cartridge 39a. One should appreciate that other pressure members and devices 
can be utilized in accordance with the present invention to supply a positive pressure within the fuel bladder. 

1 0096] In the embodiment shown in Figure 8, replaceable fuel cartridge 39a includes a cartridge port or 
exit port 88a which cooperates with a device port 127 to form a two-way valve shut-off valve 128, as shown 
in Figures 12(a) and 12(b). Two-way valve 128 is a spring-loaded device in which exit port 88a and 
includes a spring 1 29 that biases a valve member 130 toward a sealed position such that cartridge 39a is 
fluidly sealed when the cartridge is removed from the fuel cell assembly 3 la but is open when the cartridge is 
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inserted into the fuel cell assembly. Similarly, device port 127 of valve 128 includes a spring 134 that biases 
a valve member 135 toward a sealed position such that the fuel delivery system 40a of fuel cell assembly 3 la 
is sealed when cartridge 39a is removed from the fuel cell assembly 31a but is open when the cartridge is 
inserted into the fuel cell assembly. One should appreciate that other types of fluid connectors can be 
utilized in accordance with the present invention. 

[ 0097] Having described certain embodiments of a cellular telephone and fuel cell assembly for portable 
electronic devices utilizing embodiments of fuel cells as described herein above. Attention is now directed to 
embodiments of a particular embodiment of a voltage regulator circuit 4 1 (See for example Figure 3) referred 
to herein as an Interface, Control, and Regulator Circuit 41 for Fuel Cell Powered Electronic Devices. 

1 0098J Reference will now be made in detail to embodiments of the inventive circuit 41, examples of which 
are illustrated in the accompanying drawings. While the invention will be described in conjunction with the 
certain embodiments, it will be understood that they are not intended to limit the invention to those 
embodiments. On the contrary, the invention is intended to cover alternatives, modifications and equivalents, 
which may be included within the spirit and scope of the invention as defined by the appended claims. 

[ 0099] In the system, method, and circuit described herein, reference is made to a fuel cell or fuel cell 
assembly, adapted for use with a mobile telephone such as a cellular phone or other portable electronic 
devices. The invention may find particular utility when used in conjunction with the fuel cell assembly and 
electronic device described in co-pending U.S. Provisional Patent Application Serial No. 60/295,114, filed 1 
June 2001 entitled Fuel Cell Assembly for Portable Electronic Devices; herein incorporated by reference. 
For example, a fuel cell assembly may be used to provide a continuous source of power for a mobile 
telephone. One type of such telephone may typically have a power consumption ranging between about 360 
mA at 3.3 V (1.2 W), when located nearest to a respective transmitter, and about 600 mA at 3.3 V (1.98 W) 
when located furthest from a respective transmitter, 

I oioo] One should appreciate, however, that a fuel cell assembly and the interface and control system, 
circuit, and method in accordance with the present invention can be configured to provide a continuous 
source of power for other portable electronic devices having various power consumption ranges and still fall 
within the scope of the present invention. For example, the interface and control circuit and method of 
control may be used in conjunction with a fuel cell assembly in accordance with the present invention can be 
used to power cell phones and other telecommunication devices, video and audio consumer electronics 
equipment, computer laptops, computer notebooks, personal digital assistants and other computing devices, 
geographic positioning systems (GPS's) and the like. Other uses to which the invention finds particular use 
includes the use of fuel cell assemblies in residential, industrial, commercial power systems and for use in 
locomotive power such as in automobiles. For higher power delivery applications, certain components will 
be modified so as to provide the required voltage or current handling capabilities. For example, capacitors, 
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resistors, transistors, diodes, and other components may be modified in value to provide the desired operation 
and power handling capability. 

[ oioi] Further more, although the inventive interface and control circuit and method find particular 
applicability to fuel cell powered devices, the invention is not limited to such fuel cell powered devices, but 
rather may have applicability to other power sources that require of benefit from the type of interface, 
control, regulation, and monitoring provided by the invention. It will therefore be understood to be useful 
when an electronic device uses any source or combination of sources of electrical energy or power. Multiple 
such interface and control circuits may for example be arrayed to control a multiplicity of energy sources, 
including for example, solar or photovoltaic sources, capacitive storage, chemical storage, fuel cell, set of 
batteries having similar or dissimilar voltage, current, or power delivery of charge discharge characteristics, 
and the like. 

[ 0102] When a fuel cell or fuel cell assembly is involved, the fuel cell or fuel cell assembly may typically 
include at least two electrodes appropriate to the voltage and current generated therein. The two electrodes 
coupled with the fuel cell are capable of completing an electrical circuit through the inventive circuit with a 
load, where the load may be the cellular telephone or other electronic device to which a electric current is 
supplied. 

[ 0103] In one aspect and at a conceptual level, the inventive interface and control circuit provides a voltage 
regulator function which includes circuit elements and an (optional) storage battery for monitoring and/or 
regulating voltage and/or power supplied to the portable electronic device. However, in particular 
embodiments of the invention, the inventive interface and control circuit provide operational features, 
capabilities, and advantages that go far beyond voltage, current, or power regulation. 

[ 0104] The electronic device, such as a mobile or cellular telephone, asks for power. In fact, typical 
phones will accept a voltage within an acceptable range of voltages (for example a voltage between about 
3.3. to 4.3 volts with nominal 3.6 operating voltage) and will then attempt to draw current appropriate to the 
voltage present and the power required for its then current state of operation. Power requirements may vary 
considerably during operations, for example from as little as one or a few milliwatts to 1.8 watts at full 
operating power given certain antenna distance and transmission mode characteristics. Note that these 
voltage and current operational characteristics derive at least in part from the fact that the devices, such as 
mobile phones, have been designed to operate from a battery having these characteristics. 

1 0105] Figure 13 shows a portion of the battery having four terminals, a POS terminal 201, a NEG terminal 
202, an ID terminal 203, and a TEMP terminal 204. These terminals connect to the phone of the type that 
supports both power (POS and NEG), battery type identification (ED), and battery temperature (TEMP) 
indicators. Other or different terminal configurations may be provided to support other devices. 
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I 0106I The POS terminal 201 provides positive voltage and positive current to the phone and the NEG 
terminal 202 provides negative voltage and negative current to the phone or other electronic device. These 
terminals can also direct voltage and current back into the battery in the reverse direction during charging. 

[ 0107] The Battery type indicator or ID 203 is (optionally) used by the phone so that where the phone is 
capable of utilizing the information, such as that it is a Lithium-ion battery versus a Nickle Metal Hydride 
battery, such information is available to the phone or other device. The battery temperature indicator signal 
available at TEMP 204 may typically be used to regulate charging (and discharge) to maintain the battery in 
a safe state and more particulariy to prevent overheating from excessively fast charging. Structure and 
operation of batteries of the type having this terminal configuration are known in the art and not described in 
greater detail here. 

[ 0108] A normal battery pack would provide the battery usually as a 900 to 1 600 amp-hr battery and where 
the battery is a lithium-ion type which is susceptible to explosion under certain conditions, some type of 
battery protection circuit 206. For example the Texas Instrument UCC3 952PW-2 is one example of a battery 
protection circuit 206 in the form of an integrated circuit chip that may be used. A specification sheet for the 
Texas Instruments UCC3952-PW2 is incorporated by reference herein. 

1 0109] This protection circuit 206 causes an open circuit to occur if there is an attempt to draw mare 
current out of the battery, or an attempt to put too much current into the battery, or if not causing an open 
circuit then it will restrict the amount of current flow. This technique may also be applied to fuel cell based 
power sources. It will also cause an open circuit if there is an attempt to take the voltage above 24 volts, 
and if an attempt is made to take the voltage below 3.2 volts. Note that an important aspect of the invention 
is the ability to take a fuel cell voltage, either from an individual fuel cell or a combination of fuel cells, and 
boost the fuel cell voltage to the typically higher voltage required for electrical or electronic device 
operation, and to manage extraction of power from the fuel cell and manage this extraction as well as charge 
and discharge in a manner that is efficient and does not harm the fuel celL 

[ OHO] In the embodiment described herein, much of the discussion is focused on Lithium ion battery 
technology as it is the preferred battery technology for many mobile applications. It provides lightweight yet 
high-capacity storage with minimal memory effects. On the other hand, Lithium-ion is a very sensitive 
battery type in the sense that Li-ion battery is susceptible to short circuit, over heating, and esquosion 
problems. Protection circuits are the standard and must be close to battery to provide safety. For Nickel 
Metal Hydride battery types and though such protection circuit may be provided, is not normally required. 
The inventive circuit and method are applicable to all types of batteries and is not limited to Lithium-ion 
types. 
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[ oni] In the inventive circuit, a low value resistor R17 (0.22 ohm) 210 is provided so that the current 
flowing though the battery 205 can be measured It therefore operates as a current detector within a battery 
current detector circuit. Note that the resistor R17 210 may be considered to be a component of the inventive 
battery pack of fuel cell pack or of the interface and control circuit, and in alternative embodiments may be 
physically implemented in either way. 

1 0112] Attention is now directed to the boost converter circuit Ul 212, here implemented with a MAXIM 
MAX1703ESE chip, that is primarily responsible for boosting the fuel cell voltage to a higher voltage level 
and for supplying charge to capacitive and battery storage devices within the circuit. A specification sheet 
for the MAXIM MAX1703ESE chip is incorporated by reference herein. 

1 0113] The two fuel cell terminals are connected across terminals FC1 213and FC2 214. The fuel cell 
provides a voltage that charges CI (lOOuF) 215 and C9 (220 uF) 216 to some voltage, this is referred to as 
FC+ 21 7. Note that in one embodiment, capacitor CI 2 1 5 is eliminated but this implementation though 
operational does not provide the same level of performance. FC+ can run into the 1.6 to 1.8 volt range when 
six fuel cells, each generating about 0.5 volts are connected in series. Fuel cell open circuit voltage (no load) 
may be as high as about 3 .0 volts. Provision of a relatively high open circuit voltage provides enough 
voltage and charge so that the processor U4218 described in greater detail herein elsewhere is able to 
initialize and exert control over the boost circuit 212 even if both the storage capacitors and the battery are 
discharged Boost converter chip Ul 212 is capable of rtinning at a very low voltage levels with output 
power between about 1 to 2 watts depending upon voltages. Ul 212 initially turns on a circuit through LXP 
(pin 14) to ground and starts circulating current through Inductor LI (5,0 uH) 220. The current rises slowly 
and then the circuit is opened and the node on the Ul 212 side of the inductor LI 220 quickly rises from a 
grounded level to a fairly high voltage level, unless clamped to prevent the voltage from rising too high. In 
this circuit it is clamped in two ways. First, it is clamped by Dl (MBR0520L) 221 which prevents it from 
going more than about 0.5 volts (one diode voltage drop) above the 3.6 volts of the supply voltage. Second, 
clamping is done by a FET switch inside Ul 21 2 that is connected from LXP (synchronous bypass 
arrangement) connects that pin to POUT 222 and POUT1 223 which folds right back into 3.6. This basically 
charges capacitors C2 (220 uF 10 volt) 224, C3 (220 uF 10 volt) 225, and C4 (0.22 uF 10 volt) 226. Note 
that two capacitors C2 224 and C3 225 in combination act as voltage (charge) storage capacitors for a 10 volt 
rated 440 uF capacitance which is the desired value but not readily commercially available and therefore two 
capacitors connected in parallel are used. A single 10 volt 220 uF capacitor, or other combination of 
capacitors may be used. Capacitor C4 226 is a very low value and is used to provide a high-frequency 
bypass to take edges off of the signal. Capacitor C4 224 is optional and may be diminated, however, the 
performance of the circuit is degraded somewhat 
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[ 0U4] Note that in this process, current has been directed through inductorLl 220, got the inductor 
charged up with energy, transferred the connection of the inductorLl 220 to the output capacitors C2 224 
and C3 225 (and C4 226 when present), and caused the energy to transfer to the outyut capacitors. 

[ oils] Note that low voltage at fairly high current has been used to charge storage capacitors. If this is 
repeated many times, the voltage will increase to a fairly high number unless some means or circuit is used to 
drain or otherwise control the accumulation of charge or voltage. 

[ 0116] Ul 212 tenninal FB 227 is a feedback pin. The voltage on the FB pin 227 controls characteristics 
of the signal the directs the afore described switching of current through LI 220. The switching is altered in 
one or more of the timing, the shape of the waveform (pulse width modulation), that is used to control the 
power. For example, if the inductor L 1 220 is turned on for less time it will have less power and ultimately 
has less power to put into the output circuit, and if not turned on at all will have no power to output 
Therefore if the 3 .6 gets to a desired level, and there is no draw, then the switching will turn off so that no 
further power is generated and the voltage on the storage capacitors C2 224 and C3 225 is maintained at the 
desired level. 

[ 0117] Boost converter circuit Ul 212 provides a reference REF (pin 1) 229 that is established at 1.25 
volts. The goal is to get FB 227 to be 1.25 volts. If FB 227 is less than 1.25 volts, then the circuit will try to 
put out as much energy as it can If FB 227 is higher than 1.25 volts it will stop putting out any energy. It 
knows the voltage produced by a voltage divider circuit comprised of R10 (10 ohms) 230, R13 (294 Kohms) 
231, R14 (121 Kohms) 232, andR15 (4.42 Kohms) 233 and extending between the 3.6 volt supply and 
ground. Note that pin FB 227 sees a voltage between the series combinations of R10+R1 3 andR14+R15 
form a voltage divider 234. This voltage divider 234 is set up so establish a voltage of about 4.2 volts. This 
chip tends to built the voltage to 4.2 volts so that is operation were strictly predicated on voltage, would 
attempt to achieve this voltage at the C2 224 and C3 225 capacitors. However, operation is not strictly 
predicated on voltage and there are a couple of other considerations that went into establishing the voltages. 
[ 0118] First, the voltage is going across the Li-ion battery and its protection circuit. If the battery is 
discharged, down to the 3.3 - 3.4 volt area, and one puts 4.2 volts across it, then the battery will attempt to 
charge at a rate higher than it is supposed to charge. Instead, we look at the charging current sensing resistor 
R17 236 to build a voltage, and compare this first voltage 238 to a second voltage 239 developed by current 
flowing through resistors R14 240 and R15 241. The comparison is made by operational amplifier U2 
(LMV92 1M7) 242, Operational amplifier 242 may conveniently be implemented with a LMV921M7 
operational amplifier made by National Semiconductor, a copy of the specification sheet for such device is 
incorporated by reference herein. 

1 0119] If the voltage at the positive input 243 of the operational amplifier exceeds the voltage at the 
negative input 244, then the operational amplifier output 245will increase and feed current to diode D2 
(BAS16HT1) 246, and satisfy a current need to keep the feedback point FB 227 at 1.25 volts and require less 
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current to come down through RIO 230 and R13 231. Diode D2 246 may convenientry be implemented 
using a BAS16HT1 diode made by ON Semiconductor, and a copy of the specification for such diode is 
incorporated by reference herein. Therefore the voltage of output of the Ul chip 212 or set-point will be 
decreased down from 4.2 volts to the 3.5 volt range. This will lessen the tendency to charge (or overcharge) 
the battery. 

I 0120] It is noted that this presents a novel use of a chip (Ul ) 2 12 that is normally used as a fixed voltage 
source, and implement some feedback in that would limit the voltage so that the current charging the battery 
would not be excessive. 

10121) Although the Ul chip 212 mcludes a feedback pmF 

circuitry that generates the feedback voltage are different than might conventionally be used. Recall the use 
of operational amplifier U2 242 and resistor R16 247 and diode D2 246 in conjunction with the voltage 
across R17 236 and the voltage across the top of R15 233 within the serial combination of R14+R15 in the 
voltage divider circuit, effectively form a feedback control signal generating circuit that provides an input to 
the FB pin 227 of Ul 212 circuit The voltage at R15 233 gets too high if too much current is flowing 
through the battery and the feedback will lessen this so that the battery is not overcharged. If on the other 
hand, somebody tries to use the telephone (or other electronic device) creating need for transmit power (or 
other higher than normal power) rather than a standby type mode, the circuit will continue to try to put out 
more and more power at what ever voltage is convenient to try to keep the battery from being overcharged to 
supply the phone. The modulator will turn on for a longer time to try to supply the needs of the phone and to 
charge the battery. 

[ 0122! A fuel-cell voltage divider circuit off of the fuel cell (extending between FC1 213 and FC2 2 14 at 
ground) comprised of R6 (10 ohm) 251, R5 (9.53 Kohm) 252, R4 (6.49 Kohm) 253, R3 (16.9 Kohm) 254, 
and R2 (1 27 Kohm) 255. A tap at VDIV3 256 between R3 and R4 is connected to the Ain input (pin 6) 257 
of Boost circuit chip Ul 212. This Ain 257 or VDIV3 256 signal or voltage becomes a sampling of the 
voltage of the fuel cell If the fuel cell voltage drops much below about 1 .3 volts, this Ain pin 257 will come 
up against the 1.25 reference voltage within UL Ain 257 is an amplifier input, and AO 258 will start to go up 
and detect that Ain 257 is beginning to get to close to the reference point voltage. In response to this 
condition, AO 258 acting as a current sink, when it sinks current it starts to turn on transistor Q2 
(MGSF1P02EL) 258. Q2 258 may for example be implemented with a MGSF1P02EL power MOSFET 
made by ON Semiconductor, and a copy of the specification for such device is incorporated by reference 
herein. Note that transistor Q2 258 is in parallel to resistor R13 231, which is a component of the earlier 
described voltage divider circuit 234. Operation of the transistor Q2 258 in conjunction with resistor Rl 3 
231 results in the feedback FB pin 227 of boost circuit 212 to be satisfied and stop trying to put out 
anymore power or voltage. The fuel cell can be controlled so that the fuel cell output voltage does not drop 
too far in voltage so as to maintain advantageous power curve relationship. 
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[ 0123] A typical fuel cell power output curve is generally in the form of a pseudo parabola as illustrated in 
Figure 15. It is desirable that operation be maintain on the left side of the peak and not on the downward 
slope to the right of the peak. 

1 0124J Note that the battery is essentially in parallel with storage capacitors C2 224, C3 225, and C4 226. 
If the circuit stops charging energy through Ul 212 to charge C2 224, C3 225, and C4 226 so as not to pull 
down the voltage of the fuel cell anymore, then if the battery has a higher potential it will discharge and 
supply energy to the phone. It is the equivalent of a logical OR, such that the voltage building circuit, 
storage capacitors, and battery are tiled together and the one that has the most energy at the time will supply 
the phone or other electronic device's power needs. Therefore battery supplies the energy if the fuel cells 
cannot provide it. During some operational modes, it is expected that the fuel cells, storage capacitors, and 
batteries may contribute power. 

[ 0125] Note that in one embodiment of the invention the battery is physically smaller and has a smaller 
capacity that a conventional battery because the fuel cell effectively provides the additional power. For 
example, in some conventional cellular telephones, a Li-ion battery having a capacity of between 900-1600 
amp-hrs may typically be provided. By comparison, a Li-ion battery having only a 300 amp-hr capacity is 
used with the fuel cell. Battery is smaller than normal because you would prefer to rely on the fuel cells. In 
some instances, the battery is needed to supplement power during typical high power transmit mode 
operation. The battery is then recharged from the fuel cell during standby operation. 

1 0126] Other embodiments, may use larger or smaller batteries, and in one embodiment the battery is very 
small, such as under 100 amp-hr and only used to buffer charging of the fuel cells. In yet a further 
embodiment, the battery is eliminated completely, being replaced by high capacity storage capacitors. Of 
course the need and or sizing of batteries and storage capacitors will depend upon at least the power 
requirements of the device and the required operating time, as well as the required operating duration in any 
high power consumption mode, and the acceptable recovery time. 

1 0127] Having now described the manner in which power or energy flows through the inventive circuit and 
is regulated, attention is now directed to aspects of processor or microcontroller U4 218 which performs 
additional control functions. 

[ 01281 Processor or microcontroller U4 (ATtiny 1 5L) 2 1 8 operates primarily as a housekeeper, looking at 
the voltages, primarily at the fuel cell voltage, and deciding when to turn the converter Ul 212 on and when 
to turn it off. Converter Ul 212 has an ON pin 16 260 of the converter to make it run or to make it not run 
If the processor U4 218 does not sense certain conditions it will not turn the converter Ul on. U4 218 uses 
the SVFC lead (U4 pin 3) 261 which is a sample of the fuel cell voltage, to decide whether it should or 
should not operate the device. 
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[ 0129] During many phases of operation, processor U4 21 8 is not required as non-processor hardware 
provides sufficient control with the afore described feedback to maintain operation. Not operating processor 
U4 218 is advantageous when possible as it consumes very little power while in a sleep mode. Processor 
power saving conventions and sleep modes are known in the art and not described in detail here, but 
typically involve slowing or stopping a processor clock and/or lowering a processor core voltage. 

[ 0130] Note that in the circuit embodiment of Figure 13, a variety of test pins (TP) and pogo pins (PG) are 
illustrated These pins are conveniently provided for monitoring and testing circuits, particularly during 
prototype development, but are not required in a commercial embodiment of the circuit. Other pins are 
conveniently provided for loading software or revisions to software into the processor and the like. For 
example, an SDI pin is a serial data in pin that permits in-circuit programming of the processor. PG15 
provides a lead for a serial instruction in line signal. PG1 1 provides a pin for a serial clock in signal. Other 
optional though desirable pins are shown in the figures. 

[0131] Attention is now directed to processor, microprocessor, or microcontroller U4 218. The U4 218 
processor is conveniently implemented with an ATMBL ATtiny 15L microcontroller. An ATMEL 
specification for this microcontroller is incorporated by reference herein. This processor supports execution 
of commands or instruction that modify or control the operation of the processor. Several procedures 
implemented as software and/or firmware are now described relative to Figures 16-24. Means are provided 
to input the computer program code into the processor from ports provided on a printed circuit board on 
which components of the inventive circuit are attached, including processor U4. 

[ 0132] Primary among the programs is a MAIN procedure or routine which executes continuously within 
the processor while it is in an active or awake state. The awake state may be achieved using a Oomp signal 
(pin 6) which connects to a comparator in the processor that trips at about 1.35 volts. If it trips, it wakes up 
the microprocessor U4 so that the code begins to run. Hardware continues to run and generates an interrupt 
to wake up the processor. 

[ 0133] An embodiment of the MAIN procedure or routine is illustrated in the flow-chart diagram of Figure 
14 and now described. Note that all of the procedures executing on processors, microprocessors, or other 
logic described herein may conveniently be implemented as computer program instructions as software or 
firmware. 

[0134] MAIN301 begins after processor U4 218 miu^es (INTTS) itself it jumps mto its mam flow 1^^ 
and continues to execute this loop continuously while it is awake, that is until it enters sleep mode. Upon 
first executing MAIN 301, two voltage readings for Vout 302 and VFC 303 are taken and stored using the 
ADC routine. More particularly, ADC Channel 0 (Vout) and ADC Channel 3 (VFC) performed, including 
measuring the voltages and converting them into digital numbers, and storing them in memory or register. 
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These voltages are used in making further decisions as to the condition of elements of the system and any 
corrective action that may be required or desired. Note that the measurements are taken upon each execution 
of the main loop so that this monitoring is more of less continuous while the processor is awake. 

[ 01351 Next, a detennination is made in MAM) 10 304 as to whether the boost circuit Ul is in an ON state 
or an OFF state. (Note that the nomenclature "MAINXXX" refers to labels within the processor code but 
they are conveniently referred to as routines here where actually they are portions of the MAIN procedure.) 
ON and OFF conditions are described in turn beginning with the OFF condition. 

[ 0136] If the boost circuit Ul 212 is in an off condition, then MAIN100 305 is executed to Flash the LED 
indicating a possible problem condition. Then a series of determinations are made relative to the fuel cell 
voltage (VFC) as the answer to these queries indicate proper operation, operation that is problematic but that 
may be remedied, or conditions that suggest that a problem cannot be remedied Four software VFC levels 
are used, and some modification of these levels may be accomplished under hardware and/or software . 
control to fine tune operation of the system. Level 1 refers to a VFC of approximately 2.4 volts, level 2 
refers to a voltage of about L5 volts, level 3 refers to a voltage of about 1.2 volts, and level 4 refers to a 
voltage of about LI volts. 

[ 0137] After flashing the LED, the program deterrnines if the fuel cell voltage VFC (MAIN1 10) 306 is 
above (high) or below (low) the level 1 voltage (here 2.4 volts). If the fuel cell voltage is above 2.4 volts 
(above level 1) without load, then MAIN140 307 is executed to perform a fuel cell load test where an 
incremental load is applied to the fuel cell to see what happens to its output voltage. If the fuel cell has 
inadequate fuel to generate power (or has otherwise failed in some manner) it will not be able to maintain its 
output voltage and will fail the test. On the other hand if it is fueled and otherwise operational, the load test 
should be passed If the load test (MAIN 150) 308 is passed or OK, then the boots converter circuit 212 is 
started or turned on by routine MAIN160 309, if the load test was not completed OK, then the program 
returns to execute another loop of MAIN to start the process again. In either the case that the load test was 
OK or not OK, the MAIN loop is executed again 3 10, the fuel cell converter being turned on under one 
condition and not turned on under the other condition. 

1 0138] The load test is performed to determine if fuel cell is capable of sustaining operation Note, that the 
load test and/or the MAIN140 307 routine desirably has a counter in it so that the load test is not actually 
performed with each loop of the program which would result in load testing every few milliseconds, but 
rather the load test is performed every ten seconds or so when load testing is appropriate. 

1 0139] If when performing MAJN1 10 306, the fuel cell voltage was determined to be lower than level 1 
(2.4 volts), then the MAJN120 311 routine is executed and a determination is made as to whether VFC is 
above or below the level 3 voltage (1 .2 volts). If the inquiry and comparison indicates that VFC is above 
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Level 3, then no action is taken and MAIN is executed again. However, if VFC is below Level 3, then the 
MAIN130 312 routine is executed making an inquiry as to whether the processor U4 should keep running or 
place itself into a power-conserving substantially inactive sleep mode. The processor may be programmed in 
various ways to provide for either continued monitoring and attempts to operate the fuel cell to generate 
power (that will consume power at a faster rate) or to place the processor into a sleep mode thereby 
conserving power until the fuel cell is refueled or other corrective action is taken. In one embodiment, when 
VFC is below a level 3 voltage threshold, the processor is placed into a sleep mode until triggered to wake up 
by a hardware comparator trip circuit at a voltage somewhere between level 2 and Level 3 . Therefore, in at 
least one embodiment, if VFC is below level 3 then the MAIN 200 3 14 routine is executed to place itself 
into a sleep mode since it cannot recover from the then fuel cell condition. MAIN200 314 provides 
procedures and functions that setup the processor for sleep, maintain a low power consumption sleep mode, 
and reset the processor after the processor resumes from sleep. If no corrective action is taken to restore fuel 
cell operation, such as by refueling, eventually the processor or microcontroller U4 will stop because there is 
no voltage to even operate it 

[ 0140J Returning to execution of MAINO 10 304, if fuel is present or fuel is provided after the processor 
went into the sleep state and then resumed from sleep state after a corrective refueling, the state of the boost 
converter circuit 212 may be on but more typically will be off. The initialization routine will place the 
boost converter into an off state so that it will be in an off state when it is first put into service. If for some 
reason the processor goes into a sleep state when the boost converter circuit is in an on state then it will still 
be on when and if the processor U4 218 wakes up again. If processor sleep is caused by running out of fuel 
and for example, enters from MAIN130 3 12 (boost circuit was off) then it will still be off. These various 
situations and the state of the boost circuit when resuming or awakening from sleep are illustrated in the 
diagram as in general the boost circuit will be in the state it was in when the processor went to sleep or will 
be off. Returning to execution of MAIN010 304, MAIN020 3 15 determines if VFC is above or below the 
level 3 voltage. If VFC is above level 3 (higjh), then the MAIN060 316 routine determines if VFC is above 
or below the level 2 voltage. If VFC is above both 1.2 volts (Level 3) and above 1.5 volts (level 2) then the 
program executing within the processor decides that operation of the fuel cell and boost circuit are 
sufficiently stable that it does not need to monitor or act and executed MAIN200 3 14 to place itself into a 
sleep mode, as already described. Note, that although the processor could remain active but this would 
consume power for a housekeeping type function that is not required. Recall that during a certain range of 
operating parameters, hardware components are provided that include feedback control elements to control 
and regulate operation of the boost converter circuit and other elements of the inventive interface and control 
circuits. 

[ 0141] Returning again to the comparison performed by MAIN020 3 15 to determine if VFC is above or 
below the level 3 voltage, if the determination indicates that VFC is below level 3 Qow), then routine 
MAIN030 3 17 causes the LED to flash indicating a problem condition. The number or duration of flashing 
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may be selected to suit operational preferences and a desire to conserve power. Next, routine MAIN040 
compares VFC with the level 4 voltage (1.1 volts). Of VFC is above level 4 (high) then the program returns 
to MAIN 310,301 and executes the loop again, the voltage still being sufficient to support operation 
However, if VFC is below level 4, routine MAIN050 3 19 is executed to stop the boot converter Ul as under 
this condition it appears that the fuel cell has insufficient fuel to generate even a minimal voltage or there is 
some other problem. When the next loop of MAIN is executed, the boot converter circuit will be in the OFF 
state and MAIN will execute beginning with MAIN100 as described herein above. 

[ 0142) Figure 24 provides a listing of exemplary computer code suitable for operation in the U4 processor 
generally corresponding to the description in the referenced flow-chart diagrams. 

[ 0143] Attention is now directed to several miscellaneous routines that are called by or within MAIN. 

[ 0144] The Reset 320 routine (See Figure 16) executes when the processor is first started, such as during 
power-up, and initializes the processor and by virtue of the processors connections to other components of 
the interface and control circuit, initializes and resets the circuit generally. 

[ 0145] The Time Clock Interrupt Service Routine 323 (TIC ISR) (See Figure 17) is set up to generate an 
interrupt in some predefined time increment, such as a 0.1 second increment and generate a count of such 
increments, and these increments are counted until a desired time is obtained. In general, a count is placed in 
a memory storage or register and the count is decremented to zero. This reduces the number of comparisons 
that are needed to determine if the desired time has expired. Conventional up counters may alternatively be 
used but are not preferred. For example, to provide a 10 second timer, 100 of the 0.1 second clock pulses are 
counted. TIC ISR is used for example by the Rash routine described below to control flashing of an LED. 
The TIC ISR is executed in response to receipt of an interrupt. The TIC routine has two routines so that 
separate counters may be used, TIC A and TIC B. Status is saved in a register, then a determination is made 
as to whether the Time Clock A (TIC A) is zero or not zero, if it is not zero meaning there is a value stored 
there, then the TIC A counter is decremented, and then TIC B is tested to determine if it is zero in analogous 
manner. If TIC A was zero, TIC B is tested in the same way. In other words, the TIC ISR basically says 
that there has been an interrupt, decrement the counter if the counter has something in it (e.g. non-zero 
contents) otherwise do nothing, restore status, and go back to the place in the code where you were when you 
received the interrupt A single Time Clock may be sufficient in many circumstances. 

[ 0146) The Ttmer 0 Overflow Interrupt Service Routine 331 (TO Overflow ISR) (See Figure 18) is a simple 
interrupt service routine in that the mere fact that the interrupt occurred and was handled by this ISR is 
sufficient to accomplish its purpose. Therefore there are no instructions within the TO Overflow ISR 
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[ 01471 The Compare Interrupt Service Routine 333 (See Figure 19) wakes up the processor from a power 
conserving sleep mode. This is an interrupt function, when an interrupt is encountered in the processor, there 
are eight vectors at the top of the code that can be set up to send various pieces of code, (See code in 
Figure 24) which show ISR vectors. The compare ISR causes the processor U4 to come away and execute 
the next instruction from the point where it was sleeping. This means that it will resume and execute 
instructions until it goes to sleep again. For example, see Sleep block in MAIN200 for the location of the 
point where the processor enters sleep and resumes from sleep. 

[ 0148| The Flash 335 routine (See Figure 20) is used in a couple of places in MAIN, is concerned with 
how flash works. Flash is called whenever MAIN comes to a Flash routine. Hash asks if it is time to flash 
yet and looks at its TIC counter to determine if it is zero or not If it is not zero, it goes back without doing 
anything, that is it does not flash, but if it determines that it is time to flash, it flashes (unless there is another 
condition that precludes it from flashing.) The LED is turned on for a predetermined period of time (e.g. 
0.04 sec), then turned off. The flash counter is then incremented Desirably, the duration that it flashes is 
limited so that if no one sees the flashing within some predetermined number of flashes or period of time, the 
flashing will stop so as to minimize power consumption. 

[ 0149] The Load Test 343 routine (See Figure 21) is a routine or procedure that load tests the fuel cell. A 
determination is made as to whether it is time to load test the fuel cell, if it is not time, the routine returns 
without testing. If it is time to load test the fuel cell, then the routine applies a load to the fuel cell, waits a 
period of time (e.g. 0.02 sec), read ADC voltage on Channel 3 for VFC, removes the load, check for a 
change in VFC to see if the fuel cell passed or din not pass the load test, a sets up a flag indicating the status 
of the test (passed or not passed), and then returns. 

[ 0150) The Analog to Digital Converter (ADC) 353 routine (See Figure 22) is responsible for reading a 
VFC voltage, converting it to a digital value or number, and returning the number to the requester. ADC may 
typically read the Vout and VFC voltages within the MAIN routine. 

[ 0151J A Wait 356 routine (See Figure 23) is implemented as a quick subroutine to hold until event is 
completed. This is accomplished by setting up Timer 0 and sleep until done. 

[ 0152] Figure 24 shows exemplary computer software code for use with an embodiment of the invention 
utilizing a microprocessor to accomplish a portion of the control in accordance with the invention. 

[ 0153] Figure 25 shows an exemplary state diagram 360 for operation of the inventive circuit in 
accordance with one embodiment of the invention including a Power-up reset routine 361. This diagram 
shows aspects of the invention in which a hardware state machine will run the boost converter without 
processor control. 
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1 0154] While operation has been described relative to a particular logic, it will be understood by those 
workers having ordinary skill in the art that different logic may be applied to achieve the same or comparable 
control, that different decision and comparison logic may be implemented, and that more, fewer, or different 
voltage levels may be tested to provide comparable or at least acceptable operation. 

[ 01551 When cartridge 39a is inserted in fuel cell assembly 3 la and exit port 88a is engaged with device 
port 127, fuel bladder 86a is fluidly connected to the fuel chamber of anode plate 37a via fuel delivery 
system 40a in a manner similar to that described above with respect to fuel delivery system 40. Fuel flow 
from fuel cartridge 3 9a toward the fuel chamber anode plate 37a is facilitated by the positive pressure 
maintained on the fuel bladder 86a. In operation and use, fuel cell assembly 31a is used in substantially the 
same manner as fuel cell assembly 31 discussed above. 

[ 0156J In another embodiment of the present invention, as shown in Figure 1 1, a spring-loaded replaceable 
cartridge 3 9b includes an alternative configuration for mamtaining a positive pressure on fuel bladder 86k 
In particular, cartridge 39b includes a pair of compression plates 138, 13 9 which are oiased toward one 
another and against fuel bladder 86b by a pair of leaf springs 140, 14 1 . One should appreciate that other 
mechanical pressure members can be utilized to provide a positive pressure on and within the fuel bladder in 
accordance with the present invention. 

[ 0157] In many respects the modifications of the various figures resemble those of preceding modifications 
and the same reference numerals followed by subscripts a and b designate corresponding parts. 

[ 0158] The foregoing descriptions of specific embodiments of the present invention have been presented 
for purposes of illustration and description. They are not intended to be exhaustive or to limit the invention 
to the precise forms disclosed, and obviously many modifications and variations are possible in light of the 
above teaching. The embodiments were chosen and described in order to best explain the principles of the 
invention and its practical application, to thereby enable others skilled in the art to best utilize the invention 
and various embodiments with various modifications as are suited to the particular use contemplated. It is 
intended that the scope of the invention be defined by the Claims appended hereto and their equivalents. 
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WHA.T IS CLAIMEB IS: 

1 . A removable fuel cartridge for a direct methanol fuel cell assembly comprising: 
an expandable fuel bladder for receiving liquid methanol fuel; 

an expandable pressure member in contact with said bladder for maintaining a positive pressure on 
said bladder, and 

a seal able exit port in fluid communication with said bladder. 

2. The removable fuel cartridge of claim 1 wherein said expandable fuel bladder is formed of 
a sheet plastic material. 

3. The removable fuel cartridge of claim 2 wherein said sheet plastic material is substantially 
impervious to methanol 

4. The removable fuel cartridge of claim 1 wherein said expandable pressure member is a 
compressed foam member. 

5. The removable fuel cartridge of claim 1 wherein said sealable exit port includes a septum. 

6. A fuel cell assembly for a portable electronic device comprising: 

membrane electrode assembly including an anode, a cathode, and a polymer electrolyte membrane 
having a fuel side and an oxygen side; 

a removable fuel cartridge including an expandable fuel bladder for receiving liquid fuel, an 
expandable pressure member in contact with said bladder for mamtaining a positive pressure on said bladder, 
and a sealable exit port in fluid communication with said bladder, and 

a fuel delivery system for dekvering fuel from said cartridge to said fuel side of said membrane, said 
circuit engageable with said port for fluidly connecting said bladder to said fuel side of said membrane. 

7. The fuel cell assembly of claim 6 further comprising an enclosure adapted to engage a 
cellular phone body of a cellular phone, said fuel cell assembly adapted to replace a battery for the cellular 
phone 

8. The fuel cell assembly of claim 6 wherein said polymer electrolyte membrane electrode 
assembly comprises first and second catalysts positioned respectively on said fuel side and said oxygen side 
of said membrane. 


9. The fuel cell assembly of claim 8 wherein said anode is in electrical communication with 
said first catalyst and said cathode is in electrical communication with said second catalyst 
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10. The fuel cell assembly of claim 6 wherein said wherein said expandable fuel bladder is 
formed of a sheet plastic material, said sheet plastic material is impervious to methanol. 

11. The fuel cell assembly of claim 6 wherein said expandable pressure member is a 
compressed foam member. 

12. The fuel cell assembly of claim 6 wherein said sealable exit port includes a septum. 

1 3. The fuel cell assembly of claim 6 wherein said fuel delivery system comprises a needle 
insertable into said sealable exit port 

14. The fuel cell assembly of claim 6 wherein said fuel delivery system comprises a manifold 
including a one-way valve for preventing fuel from flowing through said circuit away from said fuel side of 
said membrane. 

15. A direct methanol fuel cell assembly for a portable electronic device comprising: 

a membrane electrode assembly including an anode, a cathode, and a polymer electrolyte membrane 
having a fuel side and an oxygen side; 

an anode plate including a fuel chamber fluidly connected to said fuel side of said membrane; 
a removable fuel cartridge fluidly connected to said fuel chamber, and 

a cathode plate including an oxygen port extending therethrough for providing air to said oxygen 
side of said membrane. 

16. The direct methanol fuel cell assembly of claim 15 wherein said polymer electrolyte 
membrane electrode assembly further comprises first and second catalysts positioned respectively on said 
fuel side and said oxygen side of said membrane, said anode is in electrical communication with said first 
catalyst and said cathode is in electrical communication with said second catalyst 

17. The direct methanol fuel cell assembly of claim 15 wherein said anode plate includes a 
post extending through said fuel chamber toward said anode for biasing said anode into contact with said 
membrane. 

1 8. The direct methanol fuel cell assembly of claim 15 wherein said anode plate comprises an 
exhaust port for ejecting carbon dioxide from said fuel chamber. 

19. The direct methanol fuel cell assembly of claim 15 further comprising: 

a fuel delivery system for dehvering fuel from said cartridge to said fuel side of said membrane; 
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said removable fuel cartridge including an expandable fuel bladder for receiving liquid fuel, an 
expandable pressure member in contact with said bladder for maintaining a positive pressure on said bladder, 
and a sealable exit port in fluid communication with said bladder, 

wherein said circuit is engageable with said port for fluidly connecting said bladder to said fuel side 
of said membrane. 

20. The direct methanol fuel cell assembly of claim 1 5 wherein said cathode plate forms an 
enclosure having a recess receiving said membrane electrode assembly, said anode plate, and said removable 
fuel cartridge. 

21. The direct methanol fuel cell assembly of claim 20 wherein said enclosure includes an air 
groove formed on an outer surface of said enclosure, said oxygen port extending from a base of said groove 
into said recess for providing air to said oxygen side of said membrane. 

22. A power pack specifically adapted to replace a battery for a cellular phone having a 
cellular phone body, said power pack comprising: 

a fuel cell assembly; 

a removable fuel cartridge for providing fuel to said fuel cell assembly, said fuel cartridge including 
an expandable fuel bladder for receiving liquid fuel, an expandable pressure member in contact with said 
bladder for maintaining a positive pressure on said bladder, and a sealable exit port in fluid communication 
with said bladder, and 

a housing adapted to removably engage the cellular phone body, said housing enclosing said fuel 
cell assembly and said fuel cartridge. 

23. A power pack according to claim 22 wherein said fuel cartridge is specifically adapted for 
use with a power pack specifically designed for a specific model of a cellular phone. 

24. A power pack according to claim 22, further comprising an interface circuit, the interface 
circuit comprising: 

a DC-DC voltage boost circuit operating with an output voltage related feedback signal; 
a storage capacitor coupled to and receiving charge generated by said boost circuit; and 
a microcontroller coupled to said boost circuit for controlling operation or non-operation of said 
boost circuit. 

25. A power pack according to claim 23 wherein said fuel cartridge is specifically adapted for 
use with a power pack specifically designed for a specific model of a cellular phone. 

26. An interface circuit for a fuel cell powered electronic device comprising: 
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a DC-DC voltage boost circuit operating with an output voltage related feedback signal; 
a storage capacitor coupled to and receiving charge generated by said boost circuit; and 
a microcontroller coupled to said boost circuit for controlling operation or non-operation of said 
boost circuit. 

27. An interface circuit as in claim 26, wherein the interface circuit is specifically adapted for 
use with a specific model of a cellular phone. 

28. An interface circuit as in claim 26, wherein the interface circuit is adapted to control and 
regulate power drawn from and charge and discharge of a fuel cell and maintain safe operation within 
predefined voltage, current, and power ranges. 

29. A method of controlling operation of a voltage boost converter circuit coupled to a fuel cell 
and another energy storage device. 


30. A method for boosting a lower fuel cell voltage up to higher cellular phone voltage. 
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FIG.. 13b 
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Software VFC Levels 

Level 1 - 2.4V If OFF Load Test Above, with Warning 
Level 2 - 1 .5V If ON Sleep Above 
Level 3 - 1 .2V If ON Warning Below 
Level 4 - 1 .1 V If ON Stop Below . 

Hardware Trip from Sleep is Between L2-L3 

■301 


C MAIN > /"' 


1 


ADC Ch 0 

Vouty 

ADC Ch 3 

VFCy 

MAIN 0101 


■302 
303 


MAIN 020, 

'VFC 
Level 3 
? 

MAIN 030 

( Flash j\ 
317-J I 


MAIN i 



305 


M AIN 050 { 

Stop Converter f 


MAI N 140j r 307 
Load Test y| 


■311 MAIN 15i 
JHigh No 


308 


Sleep Setup 


Sleep 


After Sleep 
Resets 



MAIN160j r 309 
| Start Converter | 


CGo to MainVv 

FIG.. 14 
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Stepup boost convert - 


.include "tnlSdeS.inc: ; supplies all std port and pin refances for tiny15 
.include "constdefJnc" ; supplies init values 

; regesters Defenations 


.DEF 
.DEF 
.DEF 
.DEF 
.DEF 
.DEF 
.DEF 
.DEF 
.DEF 
.DEF 
.DEF 
.DEF 
.DEF 
.DEF 
.DEF 


.EQU 
.EQU 
.EQU 
.EQU 
.EQU 
.EQU 

.EQU 
.EQU 
.EQU 

.EQU 
.EQU 
.EQU 
.EQU 

.EQU 


.CSEG 

; TSR Vectors 
sec tic 

short sub tfc time 
1.5 Fuel cell volts 


LOADOK 

- 

r14 

TEMPF 

- 

r15 

VCCLOW 

= 

r16 

VuCHIbn 


n/ 

VFCLALOW 

= 

r18 

VFCLAHIGH 


r19 

VFCBALOW 


r20 

VFCBAHIGH 


r21 

VFCDIFLOW 


r23 

VFCDIFHIGH 


r24 

FLASHLOW 


r25 

FLASHHIGH 


r26 

TICB 


r27 

TICA 


(28 

TEMP 


r29 

is definatiions 



ONNOT 


0 

LED 


2 

LOAD 


4 

SVCC 


0 

SVFC 


2 

Comp 


1 

VCCLOWN 


16 

VFCLAN 


18 

VFCBAN 


20 

FLASHDEL 


50 

TICFLASH 


10 

LOADDEL 


150 

TICLOAD 


100 

STOPED 


1 


reti 
reti 
rjmp 

reti;TIM1 OVF 
reti;TIM(LOVF 


flag for load ok = 1 
Temp forflages 
Voltage VCC 

Voltage FC under load 

Voltage FC main 

Load d'rfrance 

Flash Count for total stop 

tic count A 
tic count B 
For I/O transfer 


Digital out port 
Digital out port 
Digital out port 
ADC Channel 
ADC Channel 
Port (Compartor) 

Reg pointer assignments 
Reg pointer assignments 
Reg pointer assignments 

5 sec flash start delay 
ticks per cycle 
15 sec to first load test 
ticks per load test 

flasher stioed 


RESET • Reset Handler 

; External Intrupt, Not used 

: Pin Change Handler, Not used 

TIM1_CMP ; Timer Tcompare match, used for 0.1 

Timer 1 overflow handler, Not used 
Timer 0 overflow handler, used for 


reti;EE RDY ; EEPROM Ready handler 

reti;ANAJX)MP ; Analog Comparator Handler for Level 

FIG..24a 
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MAIN: 


MAIN010: 


reti 


20/25 
;ADC 


; Main Program start 

; read adc Ch for SVcc base 
di ZH.SVCC ; 

Idi zlVcclown 

rcall AdCRUN ; 

: read adc ch for SVFC 

Idi ZH.SVFC ; 

Idi ZL.VFCBAN 

rcall ADCRUN j 

;d VFCBAHIGH.$03 

;ld VFCBALOW,$5e 

;ldi VFCLAHIGh(.$02 

;ldi, VFCLALOW.fcff 

;cbi ddrB.onnot 

; test OFF/ON 
sbic PINB.ONNOT 
n'mp MAIN100 


ADC Conversion handler 


set chanel 

data store pointer 

call ACD Converter 


set chanel 
data store pointer 
call ACD Converter 
; •••test for VFC 

.••••testforVFC 


read ON pin 


MAIN020: 


MAIN030: 
MAIN040: 


main 

MAIN050: 
MAIN060: 


MAIN100: 
MAIN110: 


MAIN120: 


; test vfc for leyel_3 

$ 

cpc 

breh MAIN060 

rcall FLASH 

; test vfc for level 4 



; the value is equ or high 
; do flash 


cpc 
brsh 


VFCBALOW,low(LEVEL4) 
TEMP,high(LEVEL4) 
VFCBAKIGH ,7EM P 

MAIN ; the value is equ or high, loop to 


; rfmp MAIN050 ; the value Is low fall or jump 
; Stop the converter 

sbi PORTB.ONNOT ; Stop Converter and test led 

rjmp MAIN ; loop to main 

; test vfc for level 2 
c|i yFCBAL0W,jbwjLEVEL2) 


cpc 
brsh 
ijmp 


TEMP,high(LEVEL2) 
VFCBAHIGH.TEMP 


MAIN200 
MAIN 


; do flashe 

rcall FLASH 


; the value is equ or high 
; the value is low fall or jump 

; do flash 


test vfc for level 1 

VFCBALOWJowf 
TEMP,high(LEVEL1) 
cpc VFCBAHIGHTEMP 
brsh MAIN140 ; the value is equ or high 
; nmp MAIN120 ; the value is low fall or jump 

; test vfc for level 3 
cpi VFCBALOW,low(LEVEL3) 
Idi TEMP,high(LEVEL3) 
cpc VFCBAHIGH.TEMP 


FIG..24b 
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MAIM 30: 

MAIM 40: 
MAIM 50: 

MAIM 60: 
MAIN200: 


MAIN210: 


transet 


brsh 
; rjmp 


21 125 

MAIN 
MAIM 30 


; test Flasher for stoped 

cpi FLASHHIGH, STOPED 

breq MAIN200 

rjmp MAIN 


; do load test 
rcall 


LOADTEST 


: Test for load OK 

1st LOADOK 

breq MAIN 

; start the converter 
cbi PORTB, ONNOT 

clr FLASHLOW 
clr FLASHHIGH 
rjmp MAIN 


cbi 
cr 
cr 
Idi 
out 


enter sleep mode 


ADCSR, ADEN 
TICA 
TICB 
TEMP, 0 
TIMSK, TEMP 


Idi TEMP MCUCRSET 

out MCUCR.TEMP 

; may have to stop timers adc intrrupts 

;sbi ddrb.led 

sleep ; wate COMPARE 

;cbi ddrb, led 


nop 
nop 
rjmp 


Idi 
out 

sbi 
rjmp 


MAIN210 


TEMP, TIMSKSET 
TIMSK, TEMP 

ADCSR, ADEN 
MAIN 


; the value Is equ or high 
; the value Is low fall or jump 


; we need to sleep 
; keep looping 

; test the load 

; go to main 

; Start Converter 
; Stop Hashing 

; keep looping 
; Power down the ADC 
; stop timer int 
; setforidel 


we will wate hear for a low level 2 


; Enable timer int 

; Power up the ADC 
; back to looping 


• Place init code hear 

RESET: ; Clear Requesters 

clr rO 

Idi z1,29 

st z,r0 

RESET01: dec z1 : set for next 

brne RESET01 


idi 
out 
sbi 


Setup the ADC 


Clear a master 
Point to req r29 
Clear 

loop 


TEMP.ADCSRSET 
ADCSR, TEMP 

ADCSR, ADEN ; Power up the ADC 


: Setup the comparitor 

Idi K TEMP, ACSRSET 

out ACSR, TEMP 

; Setup timer 0 for div 64 

Idi TEMP, TCCR0SET 


FIG..24C 
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RESETEND: 


out 


22/25 
TCCRO.TEMP 


: Setup Timer 1 for 1 .ms int 
idl TRMP, TCCR1SET 

put TCCR1.TEMP 
Idl TEMP, CCR1ASET 

out OCR1A, TEMP 

: Setup Port B 

Idi TEMP, DDRBSET 

put DDRB, TEMP 

Idi TEMP PORTBSET 

out PORTB, TEMP 


Idi 


ticb, 100 


: Enable Interrupts 

Idi TEMP, TIMSKSET 

out TIMSK, TEMP 

Idi TEMP, GIMSKSET 

put GIMSk, TEMP 

Idi TEMP SREGSET 

out SREG(, TEMP 


Idi 
out 


Setup sleep 


TEMRMCUCRSET 
MCUdR, TEMP 


: setup start delays 
dj TICA, FLASHDEL 
Idi . 


imp 


TICB, LOADDEL 
MAIN 


; Data direction 


; Enable timer int 
; Set the mask 
; Enable 


flash start delay 
load start delay 


L, This ; ISR will dec the Time regesters tica and ticb to 0 
TIM1_CMP: 


Tic01: 
Tic02: 


in TEMPF, SREG 

tst tica 

breq tic01 

dec tica 

tst ticb 

breq tic02 

dec ticb 

out SREG, TEMPF 

ret 


save status 


Restor status 


L, This ISR will handal end of time 0 overflows 
TIM0_OVF: ; we ret at vector 
reti 

LT^'liSfl-W' 11 handal changes in FC Volts it will retem to last place 
ANA_COMP: 

; we may whant to fix timer for fast service in main 


ADC: 

EE_RDY: 
later 

TIM1 OVF: 
disabled 


reti 
reti 
reti 

reti 


; This ISR may be used 
; This ISR will be 


FIG..24d 
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Rutine to manage low fuel flasher 
The two byte flash count also acts as a run flag as follows: 
Low byte not 0, the counter is active and flashing 
Low byte equ 0, the high byte has meaning as follws: 
0= clear to start flashing 
1 = flash time complet 

any other go to sleep 


FLASH: 


FLASH 10: 


; Start Flasher 

tst TICA 

bme FLASHEND 

Idi TICA, TICFLASH 

tst FLASHLOW 

bme FLASH 10 

tst FLASHHIGH 

bme FLASHEND 


test for time to run 
must be zero th run 
reset the timer 


test for need 
go to flashing 
test for stoped 
the flasher is stoped 


: Start the flasher 

Idi FLASHLOW. LOWfFLASHSET) 

Idi FLASHHIGhl, HIGH(FLASHSET) 


flash the LED 


cbi 


PORTB, LED 


; time the flash 

Idi TEMP TIME40m 

rcall WAT£ 

;out TCNTO, TEMP 

;ldi TEMP. MCUCRSET 

;out MCUtR, TEMP 

;sleep 


sbj 


stop the flash 


PORTB, LED 


FLASHEND: 


; count the flashes 

inc FLASHLOW 

bme FLASHEND 

inc FLASHLOW 

inc FLASHHIGH 

bme FLASHEND 

clr FLASHLOW 

inc FLASHHIGH 

ret 


LED lamp on 


; load time value 
wate for time 

; setforidel 


LED lamp off 

Adjust Count 

Can not be zero 
Adjust high byte 

Flash time is over stop flash 
Set stoped 


ADCRUN: 


ADCRUN01: 


; rutine for ADC 

idi TEMP, ADMUXSET 

add TEMP, ZH 

out ADMUX.TEMP 

sbi ADCSR, ADSC 

;ldi TEMP, MCUCRADC 

:out MCU(jR, TEMP 
;sleep 

sbis ADCSR. ADIF 

rjmp ADCRUKlOl 

in TEMP, ADCL 

st Z. TEMP 

inc ZL 

in TEMP, ADCH 

st Z, TEMP 

FIG..24e 


Set adc Chanel 

Start the ADC Conversion 

set for ADC 

wate for adc end 
Test for end of conversion 
Loop till end 
Get the resulats 


; Get the resulats 
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ret 


LOADTEST: clr LOADOK 
: work load test 
1st TICB 
brne LOADTESTEND 
Idi TICB.TICLOAD 


make load not OK 

test for time to run 
must be zero th run 
reset the timer 


sbi 


DDRB, LOAD 


LOAD10: 
LOADTESTEND: 


: time the load 

Id! TEMR TIME20m 

rcall WAT£ 


;out 

;ldi 

;out 


TCNTO. TEMP 
TEMP, MCUCRSET 
MCUCR.TEMP 
; wate for time 


: read adcch for SVFC 
idi ZH.SVFC 
Idi ZL, VFCLAN 

rcall ADC RUN 


cbi 


DDRB, LOAD 


; find load dif 
mov 
mov 
sub 
sbc 

; test dif 

a? 

cpc 
brsh 

doc 

ret 


start Load by seting output 
load timer to start 

set for idel 


set chanel 

data store pointer 

stop Load by try stating 


VFCDIFLOW. VFCBALOW 
VFCDIFHIGI-i, VFCBAHIGH 
VFCDIFLOW. VFCLALOW 
VFCDIFHIGH, VFCLAGHIGH 

VFCDIFLOW, low(loaddelta) 
TEMP, high(loaddelta) 
VFCDlFHlGH, TEMP 
LOADTESTEND 


LOADOK 


set load OK $FF 


; rutine to use timer 0 for wating, Temp time 


WATE: 


Trace: 


Tracel: 
Traceend: 


out 

Idi 

out 

sleep 

ret 


TCNTO. TEMP 
TEMR fc/ICUCRSET 
MCUCiR, TEMP 
; wate for time 


,* A lamp blinb rutine for testing 

sbic PINb.led 

rjmp Tracel 

sbi PORTb, led 

cbi PORTb, onnot 

r)mp Traceend 

cbi PORTb, led 

sbi PORTb, onnot 
ret 


set for idel 


EXIT 


FIG.-24f 
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